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METHOD FOR CARRYING OUT GEAR SHIFTING 
IN A TWIN-CLUTCH GEARBOX 

5 CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is filed under 35 U.S.C. § 120 and § 365(c) as a continuation of 

International Patent Application PCT/DE03/00645, filed February 28, 2003, which application is 
incorporated herein by reference. This application also claims priority of German Patent 
Application No. 102 09 917.0, filed March 7, 2002, which application is incorporated herein by 
10 reference. 

BACKGROUND OF THE INVENTION 
[0002] The invention relates to a method for carrying out gear shifting in a twin-clutch 

transmission comprising at least two transmission input shafts, each of which is coupled via a 
clutch to the engine. 

15 [0003] Twin-clutch transmissions are known from vehicle technology. A twin-clutch 

transmission preferably has two transmission input shafts, each of which is coupled to the engine 
shaft via a clutch. With the method for carrying out gear shifting, it is possible to change from 
one gear ratio to the next higher or lower gear ratio in a twin-clutch transmission without 
interrupting the tractive force. 

20 OBJECTS OF THE INVENTION 

[0004] The object of the invention is to propose a method for carrying out gear shifting 

in a twin-clutch transmission with which crossover shifts can be carried out that are as 
comfortable as possible. 

[0005] This objective may be achieved according to the invention by a method for 

25 carrying out gear shifting in a dual-clutch transmission comprising at least two transmission 
input shafts, each of which is coupled via a clutch to the engine shaft, in which method, after the 
recognition of a shift desire, the clutch assigned to the active torque-transmitting transmission 
input shaft up to the slip limit and in which method the engine torque is controlled as a function 
of the type of shifting in order to achieve a vehicle acceleration desired by the driver. 
30 [0006] Accordingly, it is the aim of the shifting strategy to enable a comfortable shifting 

from one transmission shaft to the other transmission shaft. The shifting comfort is affected by 
the smooth vehicle acceleration during shifting. This means that significant and sudden changes 



of the drivers's desire to accelerate or in the desired wheel torque are prevented in an 
advantageous manner. 

SUMMARY OF THE INVENTION 
[0007] With the proposed method, preferably only two slip-to-grip transitions are 

5 implemented. For example, one transition can be provided while the disengaged clutch is 
disengaged and another transition can be provided while the new clutch is engaged. The engine 
torque can be actively employed for increasing or decreasing in order to ensure smooth slip-to- 
grip transitions on the clutches so that the engine speed can be controlled in order to achieve the 
slipping during the shifting and to improve the engine synchronization with respect to the speed 
10 of the new transmission input shaft. Thus, it is possible to facilitate quick and comfortable gear 
ratio changes with the method according to the invention, especially in an ESG twin-clutch 
transmission. This is particularly the case via the appropriate control of the clutches and engine 
torque. 

[0008] Within the context of an advantageous design of the invention, it may be provided 

15 that an additional torque can be used to reach the vehicle acceleration desired by the driver. 
Preferably, the torque of an electric motor or the like can be used. Thus, the torque control for 
the output torque is preferably supported on the new transmission input shaft by the active use of 
the electric motor during shifting. It is especially preferred in the method according to the 
invention that the required vehicle acceleration is determined as a function of specific vehicle 
20 and/or transmission variables in the control of the torque of the electric motor. In the torque 
control, a target torque of the electric motor is calculated. The calculated target torque of the 
electric motor can be used if the target torque, for example, is within predetermined minimum 
and maximum limit values. 

[0009] According to a next further development, it is also conceivable that, if the torque 

25 of the electric motor is not sufficient, one of the clutches is also driven in such a manner that the 
drivers's desired vehicle acceleration is achieved. 

[0010] A further development of the invention may provide that the type of shifting and 

therefore also the type of loading of the twin-clutch transmission is preferably determined before 
the beginning of the shift. The determination of the type of shifting is preferably carried out in 
30 the method according to the invention in order to optimize gear changing as a function of the 
type of shifting. However, it is also possible that the determination of the type of shifting as a 



separate method is used independent of the gear shifting strategy. Thus, a method according to 
the invention is also provided in which the determination of the power flow in a transmission is 
possible, especially in a dual clutch transmission. If this method is used within the context of the 
proposed twin-clutch shifting strategy, the comfort in gear shifting can be further improved. 
5 [0011] Accordingly, various methods are indicated for the determination of the power 

flow in the twin-clutch transmission, with which it is determined whether a pull operation or 
push operation is present in the transmission. Preferably, three situations can be considered for 
twin-clutch gear shifting in reference to which the determination of the power flow in the 
drivetrain is possible. The pull/push estimate may preferably be carried out directly before 
10 shifting, thus, before the beginning of the clutch change, so that the result obtained is 
advantageously as current as possible. It is also possible to carry out this estimate at another 
suitable moment. 

[0012] According to another design of the invention, three possible methods are 

presented as examples to determine the loading state of the transmission. 

15 [0013] According to a further development of the invention, the state may be considered 

in which one clutch is disengaged and the other clutch is slipping or gripping. In this case, by 
linear reduction or the like of the clutch torque of the torque-transmitting clutch, said clutch may 
be brought into the slipping state if it is not already slipping. At the beginning of the clutch slip 
phase, it can be decided whether the drivetrain is under pull loading or push loading. If the slip 

20 is positive on the clutch transmitting torque and, thus, the engine speed to eng is greater than the 
speed of the active transmission input shaft (Ompshaft, there is a pull loading. When there is 
negative slip, the transmission is under push loading. Accordingly, the following conditions 
result: 

Pull loading: to eng > to in pshaft (positive slip) 

25 Pull loading: to eng < oOmpshaft (negative slip) 

[0014] According to another further development of the invention, the state in which a 

clutch grips may be considered. In this situation, the entered engine torque T eng and the dynamic 
engine torque CO eng ■ J eng are considered. If engine torque T eng is greater than the dynamic engine 
torque CO eng ■ J eng , the transmission is in the pulling state, i.e., the engine would be accelerated if 

30 he engaged clutch is disengaged at this moment. In the reverse case, a pushing state exists if, 



specifically, the entered engine torque T eng is smaller than the dynamic engine torque (O eng ■ J eng , 
(O eng being the engine acceleration and J eng being the moment of inertia of the engine. From 
these the following conditions arise: 
Pulling state: T eng > co eng ■ J eng 
5 Pushing state: T eng < (O eng ■ J eng 

[0015] Finally, according to another design of the invention, the state can be considered 

in which neither of the clutches is gripping. In this situation, a pull mode may be defined by the 
sum of the transmitted torque of the clutches being positive. Transferred clutch torque T' c r lA a "f rred is 
equal to the minimum value from set clutch torque T c ia/b and the slip limit of the clutch T c s lA/B . 
10 From these the following conditions arise: 

Pull loading: sign(co eng - i A ■ co vMde )-i A - T' c r lA ansferred + sign(co eng - i B ■ a) vehicle )-i B - T" lB nsferred > 0 
Push loading: sign(co eng - i A ■ 0) vehicle )• i A ■ T' c r lA sferred + sign(co eng - i B ■ co vehicle )• i B • T' c r lB nsferred < 0 

15 [0016] In this context, co ve hicie is the vehicle speed, i A is the overall gear ratio of the first 

transmission input shaft, is is the overall gear ratio of the second transmission input shaft, 

transferred {& ^ transferred clutch torque Q f thg first clutch and Jarred {& ^ tj-ansfe^ed clutch 

torque of the second clutch. 

[0017] Using the indicated methods for the determination of the pulling/pushing state, it 

20 is advantageously possible to use the appropriate shifting strategy (pull-up shift, push-up shift, 

pull-downshift or push-downshift) during a twin-clutch shift. In this way, unnecessary changes 

from the pulling state to the pushing state or vice- versa, and therefore also running through the 

transmission lash, which can have a negative effect on the comfort of the driver, are prevented. 

Consequently, the impact on comfort is minimized by the presented twin-clutch strategy. 
25 [0018] Within the context of a next design, the slip limits of the two clutches may be 

determined by the method according to the invention. Preferably, the slip limit T c f A p of the first 

clutch (A) may be determined according to the following formula: 




[0019] To evaluate or determine the slip limit, it is necessary to know the running 

resistance T ve hicie of the vehicle or the external vehicle torque T ve hicie- Therefore, it may be 
5 provided according to another design of the invention presented here that at least one possibly 
simple and precise method is specified for the determination of the external vehicle torque in the 
twin-clutch transmission. 

[0020] To implement this strategy, the determination of external vehicle torque T ve hicie in 

the twin-clutch transmission is necessary. Therefore, the external torques that affect the vehicle, 
10 such as the air resistance, the friction resistance between the road and the wheels, the incline of 
the road (gravitational force of the motor vehicle while driving up/down hills) and/or the 
operation of the vehicle brake are taken into consideration. 

[0021] If, for example, clutch A grips and clutch B is disengaged or slips, external 

vehicle torque T ve hicie may be determined from the following equation: 

15 




[0022] According to a further development of the invention, the state may also be 

considered in which first clutch A grips and second clutch B is preferably disengaged. In this 
20 situation it can be brought into the slipping state by linear reduction of the clutch torque of 
torque-transmitting clutch A. In particular after the grip-to-slip transition of clutch A, the 
external vehicle torque may be determined. It is also possible that the external vehicle torque is 
determined after a slip-to-grip transition. In these two methods, the external vehicle torque 
results from the following equation: 

25 

Tvehicie = — ~ (j vehicle ' T eng ~ " h ' ^vehicle }' kl ' J eng + J vehicle }* T clA ) 



[0023] Within the context of a further development, the state may be considered in which 

none of the clutches is gripping. In this case, the following equation produces the external 
vehicle torque: 



5 T vehicle = G) vehide ■ J vehicle - sign(a) eng - i A ■ 0) vehicle )• i A ■ T clA - sign(o) eng - i B ■ 0) vehicle )-i B - T clB 

[0024] In the aforementioned equations, (o eng is the engine speed, to V ehicie is the vehicle 

speed, 6) mg is the engine acceleration, 6) vehkle is the vehicle acceleration, T eng is the engine 
torque, J eng is the moment of inertia of the engine, i A is the overall gear ratio of the first, old 
10 transmission input shaft, i B is the overall gear ratio of the second, new transmission input shaft, 
T c ia is the transmitted clutch torque of the first, old clutch and T dB is the transmitted clutch 
torque of the second, new clutch. 

[0025] In the strategy presented here for determination of the external vehicle torque in a 

twin-clutch transmission, it is especially advantageous that in this way the calculations of the slip 
15 limits of the clutches are possible and, thus, the implementation of the method of the invention 
for carrying out gear shifting in the transmission control in the simplest possible way is possible. 
[0026] It is conceivable that the method for determination of the external vehicle torque 

Tvehicle is also used independent of the proposed shifting strategies. 

[0027] In the method of the invention for carrying out gear shifting, four main shifting 

20 situations can be distinguished according to another design of the invention: 

Pull upshifts, an upshift being transmitted with positive torque from the engine to 
the output torque. Consequently, the engine pulls the vehicle (normal type of upshift). 

Push upshift: upshift with negative torque that is transmitted from the engine to 
the output torque. Consequently, the engine pushes the vehicle (e.g., upshift while driving 
25 downhill after an acceleration). 

Pull downshift: downshift with positive torque that is transmitted from the motor 
to the output. Consequently, the engine pulls the vehicle (e.g., kickdown). 

Push downshift: downshift with negative torque that is transmitted from the motor 
to the output. Consequently, the engine pushes the vehicle (normal type of downshift). 
30 [0028] In the method of the present invention, different shifting strategies are used as a 

function of the particular type of shifting that is present. 



[0029] In the context of a further development, the engine torque, for example, can be 

increased during an upshift in pulling mode or a pulling upshift in order to form a slip reserve 
and keep the engine speed above the speed of the old transmission input shaft that is assigned to 
the starting gear. After that, for example, the old clutch that is assigned to the starting gear can be 
5 disengaged with a constant ramp function, and the new clutch that is assigned to the target gear 
can be engaged with the same ramp function, the engine torque being reduced to a minimum in 
order to synchronize the engine speed with the speed of the new transmission input shaft that is 
assigned to the target gear, and the torque of the electric motor being driven in such a manner 
that the vehicle acceleration desired by the driver is achieved. 

10 [0030] A next design of the invention may provide that the engine torque is reduced to a 

minimum during an upshift in push mode or push upshifting in order to synchronize the engine 
speed with the speed of the new transmission. After that, the vehicle acceleration can be driven 
using the old clutch. If the engine speed drops below the speed of the new shaft, the old clutch 
can be disengaged and the new clutch can be engaged with a constant ramp function. Finally, 

15 the torque of the electric motor can be driven in such a manner that the vehicle acceleration 
desired by the driver is achieved. 

[0031] In the method according to the invention, the engine torque may be increased 

when there is a downshift in pulling mode or a pulling downshift in order to synchronize the 
engine speed with the speed of the new transmission input shaft. The vehicle acceleration is 
20 driven with the old clutch. If the engine speed climbs above the speed of the new shaft, the old 
clutch may be disengaged using a constant ramp function and the new clutch engaged. Finally, 
the torque of the electric motor is driven in such a manner that the vehicle acceleration desired 
by the driver is achieved. 

[0032] According to a next further development, when there is a downshift in push mode 

25 or a push downshift, the engine torque may be reduced to a minimum in order to form a slip 
reserve and keep the engine torque below the speed of the old transmission input shaft. 
Moreover, the old clutch can be disengaged with a constant ramp function and the new clutch 
can be engaged with the same ramp function. Then the engine torque may be increased in order 
to synchronize the engine speed with the speed of the new transmission input shaft. Finally, the 
30 torque of the electric motor may be driven in such a manner that the vehicle acceleration desired 
by the driver is achieved. 



[0033] The aforementioned shifting strategies for the individual types of gear shifting 

may also be modified and combined with each other if desired in order to further improve the 
proposed method for carrying out a shifting, especially regarding shifting comfort. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0034] Additional advantages and advantageous designs arise from the dependent claims 

and the drawings described below. In the drawing: 

Figure 1 shows a diagrammatic model of a drive train of a vehicle having a twin-clutch 
transmission; 

Figure 2 shows a simulation of a pulling upshift with electric motor support according to 
10 a method of the invention; 

Figure 3 shows a simulation of a pushing upshift with electric motor support according to 
a method of the invention; 

Figure 4 shows a simulation of a pulling downshift with electric motor support according 
to a method of the invention; 
15 Figure 5 shows a simulation of a pushing downshift with electric motor support 

according to a method of the invention; 

Figure 6 shows a flow diagram of the method of the invention; 
Figure 7 shows a flow diagram of the drive of the electric motor; 
Figure 8 shows a flow diagram of a possible pull/push estimate; and, 
20 Figure 9 shows a flow diagram of a possible estimate of an external vehicle torque. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0035] Figure 1 illustrates a diagrammatic model of the drive train of a vehicle having a 

twin-clutch transmission. The method of the invention is explained in reference to the model. 
The model comprises an internal combustion engine with a torque that is equal to the moment of 
25 inertia J eng and an overall engine torque T eng . The first transmission input shaft is connected to 
the engine via a first clutch so that a maximum torque T c i A can be transmitted and is connected to 
a first gear having a ratio i A with the output shaft. The second transmission input shaft is likewise 
connected to the engine via a second clutch so that a maximum torque T cffi may be transmitted 
and is also connected to the output shaft via a second gear having the ratio i B . Moreover, an 
30 electric motor is provided with a moment of inertia Jemotor and a torque T em otor and is permanently 
engaged with the second transmission input shaft via a gear ratio i em . The output shaft or driven 



shaft is connected to the engine via a moment of inertia of the vehicle J ve hicie, which is affected by 
a running resistance T ve hicie- The following simplifications are provided in the model: 

Gears on both transmission input shafts are pre-selected, i.e., no gear 
synchronization is simulated. 
5 - The engine, the electric motor and the clutch dynamics are assumed to be linear 

and there is no response time before the feedback signal. That means the change of the torque 
begins immediately after the request and with a constantly defined ramp in relation to the 
requested torque. The real dynamic behavior of the engine can exert a significant effect in the 
shifting strategy. 

10 - Play in the drive train is not taken into consideration in the model. 

Damping and elasticity in the drive train is also not taken into account in the 

model. 

[0036] Figures 2 to 5 illustrate the method of the invention, or the shifting strategy for 

different types of shifting with electric motor support. In each of these figures three diagrams are 

15 shown one after the other, the speed of the motor, the first transmission input shaft and the 
second transmission input shaft as well as the clutch slip being shown over time in the top 
diagram. In the center diagram, the clutch torque T c ia of the first clutch, the clutch torque T c ib of 
the second clutch, the engine torque T eng and the torque T em otor of the electric motor are 
represented over time, different driving states 1 to llbeing indicated (driving state 1 "Begin", 

20 driving state 2 "Driving with shaft A", driving state 3 "Prepare upshift", driving state 4 "Torque 
transmission on Shaft B", driving state 5 "End upshift", driving state 6 "Driving with shaft B", 
driving state 7 "Prepare downshift", driving state 8 "Torque transmission on shaft A", driving 
state 9 "End downshift", driving state 10 "Neutral", driving state 11 "Other"). While in the 
bottom diagram, the speed of the vehicle and the vehicle acceleration are illustrated over time. 

25 What is noteworthy is that the shifting can be carried out more quickly if the torque ramp of the 
clutches and of the engine are increased and the new clutch has a higher torque during phase 3. 
[0037] Illustrated in Figure 2 is a pulling upshift, hi this figure the pulling torque on the 

output should be maintained during the overall torque transfer from the old transmission input 
shaft to the new transmission input shaft. This is achieved by increasing the engine speed above 

30 the speed of the old transmission input shaft. In this situation, the old clutch is disengaged in 
order to reduce the vehicle acceleration and engaged in order to increase the vehicle acceleration. 



These reactions can cancel each other out. The torque of the electric motor is used to adjust or 
drive the vehicle acceleration. 

[0038] The torque of the old clutch is reduced up to the slip limit and then engine torque 

T eng increased until the old clutch slips. Engine torque T eng is controlled above the vehicle 
5 acceleration desired by the driver in order to ensure that the engine speed is maintained above the 
speed of the old transmission input shaft. The torque transmitted by the old clutch is reduced 
over a constant ramp to the value zero, while the torque transmitted by the new clutch is 
increased with the same ramp to the slip limit or slightly above it. The torque T emotor of the 
electric motor is controlled in such a manner that the driver desired vehicle acceleration is 

10 achieved. If the torque on the old disengaged clutch assumes the zero value, the engine torque 
T eng is reduced to a minimum torque in order to accelerate the engine synchronization. The new 
clutch is driven up to the slip limit or slightly over it, it being possible to further regulate the 
vehicle acceleration with the electric motor. If the engine speed is almost synchronized with the 
speed of the new transmission input shaft, the engine torque T eng is increased to just below the 

15 driver's desired engine torque in order to achieve a continuously gentle slip-to-grip transition. 
The vehicle acceleration can then be driven further with the electric motor. 
[0039] Illustrated in Figure 3 is a pushing upshift with support of an electric motor 

according to the proposed shifting strategy. In this illustration it is noteworthy that the peak in 
the acceleration curve is a numerical effect of the simulation process and consequently is not to 

20 be expected for the vehicle. 

[0040] The pushing torque should be maintained at the output during the entire torque 

transition from the old transmission input shaft to the new transmission input shaft. This is 
normally achieved by a reduction of the engine speed below the speed of the new transmission 
input shaft before the torque transmission. Otherwise, the disengagement of the old clutch and 

25 the engagement of the new clutch lead to an increase in the vehicle acceleration. However, with 
the support of torque T em otor of the electric motor, it is possible, on the other hand, to make it so 
that the torque transmission can be carried out before the engine speed is below the speed of the 
new transmission input shaft. In this case, the new clutch can support the synchronization of the 
engine speed and therefore significantly accelerate the shifting. 

30 [0041] The torque of the old clutch is reduced down to the slip limit and then engine 

torque T eng is reduced until the old clutch slips. After that, engine torque T eng is reduced to a 



minimum, the transmitted torque of the old clutch being reduced to the value zero via a constant 
ramp, while the transmitted torque of the new clutch is increased with the same ramp to the slip 
limit or slightly above it, torque T emotor of the electric motor being controlled in such a manner 
that the drivers's desired vehicle acceleration is achieved. The new clutch is driven up to the slip 
5 limit or slightly above it, it being possible to further regulate the vehicle acceleration with the 
electric motor until the motor synchronization is achieved. Engine torque T eng is increased to 
just below the drivers's desired engine torque in order to achieve a continuous slip-to-grip 
transition if the engine speed is almost synchronized with the speed of the new transmission 
input shaft. The vehicle acceleration can then be driven further with the electric motor. 
10 [0042] Illustrated in Figure 4 is a simulation of a pulling downshift with the support of 

the electric motor. In this figure it is noteworthy that the shifting can be carried out more quickly 
if the torque ramps of the clutches and of the engine are increased and the new clutch takes on a 
higher torque during phase three. 

[0043] The pulling torque should be maintained at the output during the overall torque 

15 transfer from the old transmission input shaft to the new transmission input shaft. This is 
normally achieved by an increase of the engine speed above the speed of the new transmission 
input shaft before the torque transfer. Otherwise, the disengagement of the old clutch and the 
engagement of the new clutch lead to the reduction of the vehicle acceleration. However, the 
support of torque T emotor of the electric motor can make it so that the torque transfer may be 
20 carried out before the engine speed is above the speed of the new transmission input shaft. In 
this case, the new clutch can support the synchronization of the engine speed and thereby 
accelerate the shifting significantly. 

[0044] The torque of the old clutch is reduced down to the slip limit and then engine 

torque T eng is increased until the old clutch slips. Thereafter, engine torque T eng is driven by the 

25 vehicle acceleration desired by the driver. The transmitted torque of the old clutch is reduced via 
a constant ramp to the value zero, while the transmitted torque of the new clutch is increased 
with the same ramp to the slip limit or slightly above it. Torque T emotor of the electric motor is 
controlled in such a manner that the driver's desired vehicle acceleration is achieved. The new 
clutch is driven up to the slip limit or slightly above it, it being possible to further regulate the 

30 vehicle acceleration with the electric motor until the motor synchronization is achieved. Engine 
torque T eng is increased up to just below the driver's desired engine torque in order to achieve a 



continuous slip-to-grip transition if the engine speed is almost synchronized with the speed of the 
new transmission input shaft. The vehicle acceleration may then be further driven with the 
electric motor. 

[0045] Illustrated in Figure 5 is a pushing downshift with the support of the electric 

5 motor. It is noteworthy that in this simulation the electric motor only slightly supports the 
shifting procedure in order to achieve the desired vehicle acceleration, which therefore nearly 
assumes the value zero. The first peak for the vehicle acceleration is a numerical effect in this 
simulation. 

[0046] The pushing torque should be maintained at the output during the entire torque 

10 transfer from the old transmission input shaft to the new transmission input shaft. This is 
normally achieved by a reduction of the engine speed below the speed of the new transmission 
input shaft before the torque transfer. In this situation the old clutch is disengaged in order to 
increase the vehicle acceleration and the new clutch is engaged in order to reduce the vehicle 
acceleration. These reactions can cancel each other out. Torque T emo tor of the electric motor is 

15 used in order to adjust or drive the vehicle acceleration. 

[0047] The torque of the old clutch is reduced down to the slip limit and then engine 

torque T eng is decreased until the old clutch slips. After that the engine torque T eng is reduced to 
a minimum, the transmitted torque of the old clutch being reduced via a constant ramp to the 
value zero, while the transmitted torque of the new clutch is increased with the same ramp to the 

20 slip limit or slightly above it, torque T emotor of the electric motor being controlled in such a 
manner that the driver's desired vehicle acceleration is achieved. If the torque on the old 
disengaged clutch assumes the value zero, engine torque T eng increases in order to be far enough 
above the engine torque desired by the driver that the motor synchronization is accelerated. The 
new clutch is driven up to the slip limit or slightly above it, it being possible to regulate the 

25 vehicle acceleration with the electric motor. If the engine speed is nearly synchronized with the 
speed of the new transmission input shaft, engine torque T eng is increased to just above the 
driver's desired engine torque in order to achieve a continuous, gentle slip-to-grip transition. The 
vehicle acceleration may then be further driven with the electric motor. 

[0048] Illustrated in Figure 6 is a flow diagram of the method according to the invention 

30 for carrying out gear shifting with a twin-clutch transmission (shifting strategy) for pulling 
upshifts, pushing upshifts, pulling downshifts and/or pushing downshifts. With the shifting 



strategy, a comfortable shifting is proposed, especially in an ESG transmission with and without 
the support of an electric motor. Altogether, a control strategy for gear ratio change is thus 
presented, preferably for an ESG twin-clutch transmission. The goal of this strategy is the 
control of the output torque or the vehicle acceleration in order to carry out a comfortable 
5 crossover shift. The primary control means can thus be the electric motor. If torque T em otor of 
the electric motor is not large enough, one of the clutches or the like can also be used to control 
the output torque. 

[0049] In this control strategy, four different types of crossover shifts in particular are 

defined, namely: pulling upshifts, pushing upshifts, pulling downshifts and pushing downshifts. 

10 All of these shifting types can be earned out with minimal bucking and a high level of comfort, a 
sufficient torque T emotor being provided by the electric motor or the internal combustion engine. 
The pushing upshifts and the pulling downshifts can clearly be carried out in a quicker, more 
comfortable manner when the electric motor is used. Furthermore, shifting strategies with the 
electric motor are possible that reduce the energy input for the clutches in order to thereby 

15 minimize the heat load and the wear. 

[0050] In a pulling upshift, the engine torque T eng is increased in order to develop a slip 

reserve, and the engine speed is kept above the speed of the old transmission input shaft. Then 
the old clutch is disengaged with a constant ramp function and the new clutch is engaged with 
the same ramp function. Engine torque T eng is reduced to a minimum in order to synchronize the 

20 engine speed with the speed of the new transmission input shaft that is assigned to the target 
gear. Torque T em otor of the electric motor is driven in such a manner that the vehicle acceleration 
desired by the driver is achieved. 

[0051] In a pushing upshift, engine torque T eng is reduced to a minimum in order to 

synchronize the engine speed with the speed of the new transmission input shaft. Then the 
25 vehicle acceleration is driven with the old clutch. If the engine speed drops below the speed of 
the new shaft, the old clutch is disengaged with a constant ramp function and the new clutch is 
engaged. Finally, torque T emotor of the electric motor is driven in such a manner that the driver's 
desired vehicle acceleration is achieved. 

[0052] In a pulling downshift, engine torque T eng is increased in order to synchronize the 

30 engine speed with the speed of the new transmission input shaft. Then the vehicle acceleration is 
driven with the old clutch. If the engine speed climbs above the speed of the new shaft, the old 



clutch is disengaged with a constant ramp function and the new clutch is engaged. Torque T em otor 
of the electric motor is driven in such a manner that the vehicle acceleration desired by the driver 
is achieved. 

[0053] In a pushing downshift, engine torque T eng is reduced to a minimum in order to 

5 develop a slip reserve and to keep the engine speed under the speed of the old transmission input 
shaft. Then the old clutch is disengaged with a constant ramp function and the new clutch is 
engaged with the same ramp function. The engine torque T eng is increased in order to 
synchronize the engine speed with the speed of the new transmission input shaft. Torque T emotor 
of the electric motor is driven in such a manner that the vehicle acceleration desired by the driver 
10 is achieved. 

[0054] Figure 7 shows a flow diagram for the torque drive of the electric motor. 

[0055] It is provided in this figure that, to achieve the vehicle acceleration desired by the 

driver, torque T em otor of the electric motor is used as an additional torque (Box 101). In the 
driving of torque Temotor, the required vehicle acceleration (Box 102) is determined as a function 

15 of specific vehicle and/or transmission variables (Box 103). The gear ratio on the transmission 
input shafts, the engine speed, the vehicle speed and the vehicle acceleration, to name a few 
examples, can be used as vehicle and/or transmission variables. After this, external vehicle 
torque T ve hicie is determined (Box 104) and then a target torque of the electric motor is calculated 
(Box 105) as a function of vehicle and/or transmission variables (Box 106). For example, the 

20 aforementioned variables (Box 103) and also clutch torque T dA , clutch torque T dB , the engine 
moment of inertia, the electric motor moment of inertia, the vehicle moment of inertia and the 
clutch state may be used as vehicle and/or transmission variables. Finally, a check is made of 
whether the calculated target torque of the electric motor is within predetermined minimum and 
maximum limit values (Box 107). If yes, then the target torque is used (Box 108). If torque 

25 Temotor of the electric motor is not sufficient (Box 109), the clutch torque of one of the two 
clutches' acceleration can also be used to control the vehicle acceleration (Box 110). 
[0056] Illustrated in Figure 8 is a flow diagram that explains the pull-push estimation 

used in the method of the invention. 

[0057] In this figure a check is first made of whether one of the clutches is disengaged. 

30 If a clutch is disengaged, a first method is used to determine the loading state in which, by linear 
reduction of the clutch torque of the torque-transmitting clutch, said clutch is brought into a 



slipping state. After that, a check is made as to whether positive slip (pulling load) or negative 
slip (pushing load) is present. 

[0058] If neither of the two clutches is disengaged and at least one clutch is gripping, a 

second method is carried out in which the entered engine torque T eng and the dynamic engine 
5 torque 6) eng ■ J eng are taken into consideration. The twin-clutch transmission is in pulling 
operation if entered engine torque T eng is greater than dynamic engine torque (Q eng ■ J eng . The 
pushing operation is present if the entered engine torque T eng is less than dynamic engine torque 

[0059] Should neither of the clutches be in the gripping state, the pull/push state is 

10 defined by the sum of the clutch torques to be transmitted being positive (pull state) or negative 
(push state). 

[0060] It is possible that the second and the third method are also used if a clutch is 

disengaged. However, it has been shown that the first method supplies more accurate values. 
[0061] Illustrated in Figure 9 is a flow diagram of the estimation of the external vehicle 

15 torque. Three different methods are presented in the figure. 

[0062] First a check is made of whether one of the clutches is gripping. If, for example, 

clutch A is gripping and clutch B is disengaged or slipping, external vehicle torque T ve hicie may 
be determined from the following equation: 

20 T vehide =i A \a en ^j eng +L^-T eng +|i -i|-r fHJ j 

[0063] If the state is considered in which clutch A is gripping and clutch B is preferably 

disengaged, it is possible, by linear reduction of the clutch torque of clutch A, which is 
transmitting torque, said clutch is brought into the slipping state. In particular following the 
25 grip-to-slip transition of clutch A, the external vehicle torque can be determined. It is also 
possible that the external vehicle torque is determined after a slip-to-grip transition. In this 
second method, the external vehicle torque emerges according to the following equation: 



T vehicle = —7 i J vehicle ' T eng ~ M*S«fe„, ~ h ' Vehicle Y kl ' J eng + J vehicle }' T clA ) 

l A J eng 



[0064] If the state is considered in which none of the clutches is gripping, the external 

vehicle torque may be calculated from the following equation: 

5 T vehick = Q) vehicle ■ J vehide - sign(a eng - i A ■ 0) vehicle )• i A ■ T M - sign(co eng - i B ■ co vehicle )• i B ■ T clB 

[0065] In the aforementioned equations, (O en g is the engine speed, to ve hicie is the vehicle 

speed, G) eng is the engine acceleration, Q) vehide is the vehicle acceleration, T eng is the engine 
torque, J eng is the moment of inertia of the engine, iA is the overall ratio of the gear of the first, 
10 old transmission input shaft, i B is the overall ratio of the gear of the second, new transmission 
input shaft, T dA is the transmitted clutch torque of the first, old clutch and T c i B is the transmitted 
clutch torque of the second, new clutch. 

[0066] The patent claims submitted with the application are proposed formulations 

without prejudice to the achievement of further patent protection. The applicant reserves the 
15 right to submit claims for further combinations of features previously only disclosed in the 
description and/or the drawings. 

[0067] References used in dependent claims refer to the further development of the 

subject matter of the principal claim via the features of the particular dependent claim; they are 
not to be understood as a renunciation of achieving independent protection for the combination 

20 of features for the dependent claims that are referenced. 

[0068] Since the subject matter of the dependent claims may constitute separate and 

independent inventions in relation to the state-of-the-art on the priority date, the applicant 
reserves the right to make them the subject matter of independent claims or division declarations. 
Furthermore, they may also contain independent inventions that have a design that is 

25 independent of the subject matter of the preceding dependent claims. 

[0069] The embodiments are not to be understood as a restriction of the invention. 

Rather, numerous amendments and modifications are possible within the context of the current 
disclosure, especially those variants, elements and combinations and/or materials that one skilled 
in the art may learn, for example, by combining individual ones together with those in the 

30 general description and embodiments in addition to features and/or elements or methodological 
steps described in the claims and contained in the drawings with the aim of achieving the 



objective and leading to a new subject matter or new methodological steps or sequences of steps 
via combinable features, even as far as production, testing and work procedures are concerned. 



